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Abstract 

There is a huge demand to utilize renewal side flows of different production processes to substitute 

existing fossil-based products or to develop and produce totally new products to the market. One 

underutilized side product is sawdust. Sawdust is very interesting as a raw material because of it´s 

structure, chemical components and availability globally. The objective of this paper is to analyze huge 

processing possibilities of sawdust. Three process concepts, which are in different development 

phases, are used as examples to illustrate the large variation of products.  

 

Production processes and novel products are challenging existing value chains in this business, which 

traditionally has been business interactions between mechanical wood processing and energy, 

because sawdust has mostly been seen as solid, renewal fuel. The value capture from sawdust enables 

novel value chains to many businesses like chemicals, food ingredients and cosmetics. This paper 

discusses about the transition from cluster to cluster business into sawdust ecosystem. The cases are 

evaluated based on current literature, bibliographic, patent searches and technology readiness level. 

The findings show, that sawdust processing business already fulfill the criteria for ecosystem. 
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1. Introduction 

 

The main products of forest industry are pulp and paper with sawn goods. Timber is the main product 

of sawmills. The main utilization areas of timber are in construction and furniture products. When 

round wood is converted to rectangular logs by sawing, residuals are produced. Sawdust is a major 

side-product of the commercial mechanical wood processing. Sawmilling can produce close to 30 % 

sawdust of final timber production, but in modern sawmills the figure is close to 20% (Hassan et al., 

2019). 
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Sawdust can be defined as fragments and small pieces of wood after the sawing process. During the 

sawing tree cells or group of cells forming solid wood are destroyed. The destruction of cell group 

causes the formation of chip fragments while the shattering of actual cells form the dust. The sawdust 

particle size distribution is typically between 0,2 to 2,0 mm (Kilpeläinen et al., 2014).   

Sawdust has traditionally been used as an untreated fuel in boilers or converted to products like 

pellets and briquettes. It is frequently burned to make heat and electricity in various industries and 

plants producing electricity and heat. The moisture content of undried sawdust is approximately 50-

55 % and the heat value dry sawdust produces when burnt is 18.9-19.2 MJ/kg which is about 5.3 

kWh/kg (Alakangas et al., 2016). Sawdust can also be used as feedstock of pulp mill, but the sawing 

reduces the original fiber length to level less than 2 mm which can reduce the pulp strength when 

softwood is used. Despite of that, sawdust is excellent raw pulp raw material for special purposes like 

demanding packaging products like in Kotka Mills Ltd, Finland. 

Where do new wood-based products come? The increase of added value from existing feedstock flow 

can be achieved by developing alternative products (product innovation) or production process 

(process innovation) or moving downstream in existing value chain (organizational innovation), Gupta 

et al. (2016). This paper introduces and discusses three novel production processes enabling several 

products which are neither new or substitutes to existing products. 

The most interesting increasing wood-based product markets are expected to be construction, 

textiles, chemicals, biofuels added by some niche markets like cosmetics, food additives and 

pharmaceuticals (Näyhä et al., 2014). This paper introduces products to be used for chemicals, 

biofuels, cosmetics and pharmaceuticals. 

The objective of this paper is through three production cases all using sawdust as feedstock illustrate 

the huge ongoing expand from classic cluster to cluster (forest-energy) alliance to ecosystem dealing 

with several businesses where the products are end products or intermediate products. This paper 

discusses also of barriers which start-up companies or already existing SMEs should pass before they 

with their novel products are ready compete on the markets. 

Technological and wood characteristics details are represented in this paper slightly, only on the level 

which helps readers and researchers to understand the differences of chosen process cases. Research 

question of the paper is “How the ongoing novel sawdust utilization processes and products fit to 

ecosystem characteristics?” 

 

 



2. Literature 

This chapter introduces recent literature related to business transition from clusters to ecosystems 

(Chapter 2.1) and introduction to sawdust and sawdust processing options (Chapter 2.2). 

 

2.1   Transition from clusters to ecosystems 

The original idea of the industrial cluster by Michael Porter was competition between the included 

companies (Porter, 1998). The competition between companies in a given environment was supposed 

to create competitive advantage within the cluster in a country where the cluster companies were 

located in close vicinity. It is recognized that the traditional (closed) cluster-based policy does not 

provide enough new potential growth sectors to the economy (Hausman and Rodrik, 2006; 

Hämäläinen, 2010). The shortages of current policies have been identified in enhancing growth 

companies particularly in the areas remaining between existing strong clusters and renewal of existing 

clusters. Many innovation policy instruments that might mitigate problems are used in trying to 

enhance the performance of the innovation system. The cluster driven models have changed into 

ecosystem during last decades which is better term to describe multilevel connections between 

clusters in dynamic operation environment. 

The ecosystem is characterized by an independence of cooperating and competing (but 

complementary) network of partners, a structured community, and it plays a critical role in 

determining value co-creation and co-capture (Moore, 1993). Teece (2007) has another definition to 

ecosystem. He sees ecosystem as environmental context not of industry but a business community of 

organizations, institutions and individuals who determine institutional logic and formation of 

collective value creation.  

Industrial symbiosis is a subset of industrial ecology. It describes how a network of diverse 

organizations can foster eco-innovation and long-term culture change, create and share mutually 

profitable transactions—and improve business and technical processes (Lombardini and Laybourn, 

2012).  

Industrial Symbiosis (IS) is an innovative approach to create industrial networks (Isenmann and 

Chernykh, 2009) for economic, environmental and social benefits. IS brings together companies from 

all business sectors through material trading and sharing assets to add value, reduce costs and benefit 

the environment (Lehtoranta et al., 2011). Developing IS networks is a knowledge-intensive practice, 

where information is necessary to discover potential IS connections between flows of materials, waste 

and/or other resources related to industrial facilities. 
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In ongoing transition phase of forest industry renewal there are lots of opportunities to start-up and 

small and medium size enterprises (SMEs). The production of value-added niche products from 

existing side flows is not as capital intensive as traditional production, which has been normally based 

on “scale efficiency paradigm” (Antikainen et al., 2017).  

The factors affecting to the entry of SMEs into bio-based industry has been studied by Jernström et al. 

(2017) and model of small actors´ engagement in bioenergy business by Kokkonen and Ojanen (2018). 

Market potential is a function of various demand side (market pull) and supply side (technology push) 

factors (Lee and Geum, 2017). This is a challenge with cases when existing, often fossil based products, 

are substituted by renewal products. Is there space on the market and if there is, how much more the 

consumers are ready to pay for “greener” alternative? This is a challenge to cost efficiency of new 

products and their production processes.  

2.2 Sawdust and sawdust processing options 

The overview of wood raw material flow in sawmills is shown in Figure 1. Sawdust is also a side product 

of plywood process, but the amount is much smaller compared to sawmill flows. 

 

Figure 1. Overview of wood raw material flow in sawmills. Adopted from Hassan et al., 2019. 

Figure 1 illustrates traditional way to utilize sawdust almost only to steam generation used to lumber 

drying. This is still relevant format especially in SME size sawmills in stand alone locations without 

close geographical connection to other sawdust utilization paths. In many cases the wood residuals 

with bigger particle size distribution than sawdust (e.g. chips) are used as feed flow to pulp mills. In 

Finland the most important industrial wood species are pine (Pinus sylvestris), spruce (Picea abies) 

and birch (Betula pendula, Betula pubescens). 



The current mass production of sawdust-based products is normally linked to energy production via 

direct fuel use in boilers, conversion to pellets or briquettes or conversion to motor fuel components 

like ethanol (Nabuurs et al., 2014). The situation reflects to sawmill site location vs. potential refining 

units (Karvonen et al., 2015). To stand alone sawmills the logistics costs for sawdust transportation 

might be much higher compared to integrated production sites where further utilization steps are 

already existing. Ethanol conversion offers also path to other products (e.g. lignin, furfural, wood 

syrup) which can be used as intermediate product towards more valuable products. This kind of 

arrangement of course increases the total economical potential in raw material utilization. Figure 2 

illustrates an example on wood-based platform chemicals and biofuel value chains when utilizing 

enzymatic hydrolysis. 

 

Figure 2. Platform chemicals and biofuel value chains when utilizing enzymatic hydrolysis of wood 

(dashed line refers to processes that could be relevant past 2030). Adopted from Hurmekoski, et 

al. 2018. 

Figure 2 shows the huge potential of value capture on the way to primary platform chemicals (e.g. 

ethanol and furfural) via intermediates to end products like pharmaceuticals, herbal extracts, food 

ingredients and cosmetics. 



3. Methods and data   

3.1 Methods 

The main research method used in this paper is descriptive research. This type of research describes 

what exists and may help to uncover new facts and meaning. The purpose of descriptive research is 

to observe, describe and document aspects of a situation as it naturally occurs (Borg and Gall, 1989). 

Descriptive research projects are designed to provide systematic information about the researched 

phenomenon.  The researcher does not usually begin with a hypothesis but is likely to develop one 

after collecting data.  The analysis and synthesis of the data provide the test of the hypothesis. It does 

not answer questions about how/when/why the characteristics occurred. Rather it addresses the 

"what" question. There are three main types of descriptive methods: observational methods, case-

study methods and survey methods (Hale, 2011).  

The case study plays important role in this study. Case study principles has studied by Benbasat et al. 

(1987), Simon et al. (1996), Darke et al. (1998) and Yin (2009). With small data like in this case, the 

generalization of case study research results has not committed. The cases illustrate only examples of 

connections between traditional branch of industries. 

Technology readiness level (TRL) scale is used in evaluation of cases. It has been used in technological 

evaluation in conversion of sugars to biofuels and biochemicals by Taylor et al., 2015. It is relatively 

simple way to define the status of path from idea to market. The principle is shown in Figure 4. 

 

Figure 4. Technology readiness level. Adopted from EC, 2017. 

3.2 Data 

The literature search used Scopus database, which is one of largest multidisciplinary abstract and 

citation databases of peer-reviewed scientific literature. The keywords for literature search were 

supposed to cover the state-of-the-art in general (sawdust) and it´s fragments related to cases used 

in this paper.  



The patent search used commercial Patseer Pro database. The database includes over 89 million full 

text records of 67 countries and over 129 million biblio-records covering over 106 countries. The 

Patseer Pro database was chosen because of its powerful search tools and ability to focus search on 

specific part of patent text. The search was done with same keywords than search in Scopus database. 

 

 

Table 1. Results (hits) of Scopus database study (29.10.2019) and patent search (14.02.2020) 

by Patseer Pro database.  

 AND Scopus Scopus hit 
share, % 

Patent Patent hit 
share, % 

Sawdust  9796 100 137172 100 

 Product 1970 20,1 17532 12,8 

 Energy 1632 16,7 4724 3,4 

 Adsorbent 710 7,2 882 0,6 

 Utilization 574 5,9 1742 1,3 

 Food 466 4,8 4508 3,3 

 Pellet 432 4,4 3287 2,4 

 Extract 353 3,6 2346 1,7 

 Ethanol 218 2,2 742 0,5 

 Briquet 95 1,0 1750 1,3 

 Coatings 94 1,0 2207 1,6 

 Absorbent 44 0,4 2000 1,5 

 Pharmaceutical 43 0,4 153 0,1 

 Paint 26 0,2 692 0,5 

 Cosmetics 18 0,2 90 0,1 

  

Table 1 shows huge variation in number of hits between Scopus and Patseer Pro databases even same 

search words were used. In this context the novelty limit is set to 2 % of hits. Below that level Scopus 

found terms sawdust and briquet, coatings, absorbent, pharmaceutical, paint and cosmetics. The 

results of Patseer Pro search the same criteria were the same added by sawdust and adsorbent, 

extract and ethanol. Both scientific data search results and patent data analysis show similar 

identification of novelty and the results emphasize the processes and products of chosen cases. 

 

3.3 Case introduction 

All three cases use sawdust as feedstock. Cases represent different development phases on 

technology readiness level. The first case, St1 is an example of a multiproduct biorefinery process in 

industrial scale. Second, Montisera´s process, is an example of maximizing the added value. PURASU 

concept is still in development but the preliminary results are interesting. The total product bidding 

covers many uses and markets (Hurmekoski, et al. 2018: Näyhä et al., 2014). Technological papers 

relevant to cases: bioethanol (Lin and Tanaka, 2006: Sánchez and Cordona, 2008), hot water extraction 

(Krogell et al., 2013) and biomass as fuel (Saidur et al., 2011). 

St1 Ltd has a demo scale plant in Kajaani, Finland for bioethanol production, established in 2017. This 

demonstration unit uses annually 80 000 tons of pine and spruce sawdust at nameplate capacity. The 



products are 10 million liters of bioethanol, 30 000 tons lignin, 10 000 tons wood syrup, 500 tons 

furfural and 150 tons of turpentine. Side products are biogas and carbon dioxide (CO2) from 

fermentation process phase. The process combination is called Cellunolix®-process. Actually, this 

process is a biorefinery because raw material is converted to many products in site. Operative staff in 

plant is 15 persons and the process is operating 24/7.  

St1 Oy is already a remarkable operator in motor fuel business and the bioethanol fraction can be 

used in their own distribution chain. Use of a side product from existing wood processing plant saves 

cultivation areas to food production. Wood syrup is an alternative solution as fertilizer by substituting 

fossil-based nitrogen and it is increasing organic compounds in soil (carbon storage).  Furfural and 

turpentine are examples of platform chemicals, see Figure 2.  

Montisera Ltd is an innovative Finnish Turku-based drug discovery company. Montisera has patented 

ligneous wood derived extract for health benefiting purposes (Montisera, 2015). The most potential 

product, Qusitol®, is a galactoglukomannan-rich hot water extract from Norway spruce sawdust (Picea 

abies). Montisera has shown in preclinical test Qusitol® to act as a therapeutic agent for preventing 

and treating lower urinary tract symptoms (Konkol et al. 2017). Another product, SprucegumTM, is an 

example of a non-conventional but potential ingredient for food applications (Mikkonen et al., 2016).  

Even the main product yield from sawdust is relatively small, the unit price of this kind of products is 

at least up to hundreds of euros per kilo. The way to the market is challenging and long to 

pharmaceuticals but the expected market potential is huge.  

PURASU Concept is developed by LUT University in Lappeenranta, Finland. The process uses hot water 

extraction and the focus is in hemicellulose separation. Raw material to this process is spruce sawdust. 

The planned product is intermediate which can be tailored according to customer´s needs. The 

potential customers are in cosmetics, food and coating businesses. The second main fraction consists 

of oligo and monosaccharides, which can be used for biofuel and food production.  

The extracted sawdust is used in the PURASU process to purify the wood extract (Kallioinen and 

Mänttäri 2019a, 2019b). This enables the fractionation of wood extract and recovery of hemicellulose 

fractions with membrane filtration (4 kDa membrane) with a reasonable filtration capacity. Combining 

of the use of the extracted saw dust and membrane filtration, GGM fractions of which purity is 90% 

have been recovered (yield 55%). The residual fraction, extracted sawdust, can be used for pellets, 

particle board material, filler to composite materials and adsorbent for water purification.  

According to the preliminary tests the use of the extracted sawdust in composites improved the 

moisture resistance. The use of the extracted sawdust in water treatment applications seems also to 

be an interesting possibility. For instance, the extracted sawdust has been at LUT university found out 



to have significantly better capability to remove oil from oily wastewater compared to fresh sawdust. 

Sawdust is also a feasible filter material for removal of phosphorus and microplastics from water and 

it can be utilized in removal of drug residues as well.  

Table 2. Case characteristics comparison.    

 St1 Montisera PURASU 

Development phase Industrial Pilot scale Lab scale 

Novelty / Scopus + +++ ++ 

Novelty / Patents + ++ ++ 

Main product (MP) Ethanol Qusitol®, the 
galactoglucomannan- 
rich hot water extract 

Glucomannan 

Side products Lignin, wood syrap, 
furfural, turpentine, biogas, 

liquid CO2 

Hemicellulose-free spruce 
sawdust 

Adsorbent, pellets 

TRL 9 6 4 

Novelty scale; + existing, ++ relatively new, +++ high novelty 

 

4. Discussion 

 

The case processes and their products used this article are relatively new based on the results by 

scientific literature and patent searches (Table 1). The utilization of case products fit well to the frame 

from recent literature (Näyhä et al., 2014; Hurmekoski et al., 2018). The cases used are using only two 

wood species pine and spruce which are main raw materials to sawmills in Finland. Despite this 

limitation pine and spruce enable to product wide range of different products, both intermediates and 

end products. 

The cases used in this paper give a slight idea of wide range product opportunities which sawdust as 

a raw material offers, Table 2. The St1 case introduces a holistic solution to sawdust utilization with 

multiproduct production concept. Beside the main product, bioethanol, several platform chemicals 

are produced (Hurmekoski et al., 2018). PURASU production concept is focused to one main product, 

glucomannan, but as a side product it offers adsorbents and pellets as well. The Montisera product 

portfolio is clearly based on galactoglucomannan-rich hemicellulose extracts. The multi-functionality 

of this extract suggests that it is having health benefiting properties, and it could replace other 

emulsion stabilizers. The expected market value of these products makes the case very interesting. 

In all cases the total commercial use of sawdust is round 100 %. In PURASU and Montisera cases the 

sawdust is “loaned” from the traditional process for value creation and the residuals can be returned 

to circulation. St1 and PURASU processes are easier to finetune to use different wood species, not 

only pine and spruce. The Montisera process is more challenging, but on other hand it is not going to 

be a classic mass production.  



The data used in this paper show clearly that in these cases somebody´s waste is someone´s raw 

material according to the industrial symbiosis idea (Lehtoranta et al., 2011), which leads to overall 

material efficiency and creates new business possibilities to whole ecosystem. 

5. Conclusions 

 

Contribution of this study is to introduce novel utilization ways to sawdust. Three different cases were 

used as examples to illustrate the wide range of possibilities in sawdust utilization. With these new 

processes and products the forerunner companies cross traditional cluster borders according to the 

standard industrial classification where traditionally alliance was between forests and energy 

industries. This ongoing change offers excellent platform to new ecosystems (Moore, 1993; Teece, 

2007).  

The novelty related process concepts used in this study were checked by academic literature study 

(Scopus) and more company-oriented way by Patseer Pro patent database. From both sources the 

number of search hits were evaluated by reverse hit amount. This search was added by technology 

readiness level (EC, 2017) evaluation. The three cases are all in different readiness level which is 

interesting. 

The cases introduced in this paper fit very well to ecosystem ideology. With their products the 

companies utilizing sawdust overstep the traditional cluster borders with novel value chains. This 

needs wide understanding of different businesses and many strategic choices (e.g. to manufacture 

intermediate with high volume or customer tailored special fractions with lower volume). The cases 

used in this paper illustrate only one approach to current development.  

The focus of this study was to identify the business change in sawdust utilization, not the causal 

relations to the business parameters including capital and operational costs. In the next research step 

the quantitative research is needed to proof the business advantages based on this kind of openings.  

  

Acknowledgements to experts from case study companies: Patrick Pitkänen, St1 Oy, and Heikki 

Vuorikoski, Montisera Oy, for active collaboration and data to finalize this article. Also warm thanks 

to Reginal Council of South Karelia for supporting this project with European Regional Development 

Funds. 

 

 

 

 



References 

Alakangas, E., Hurskainen, M., Laatikainen-Luntama, J., Kohonen, J. and Oasmaa, A. (2016) Properties 
of indigenous fuels in Finland, VTT Technology Report 272, Espoo. 264 p. ISBN 9789513884567 

Antikainen, R., Dalhammar, C., Hildén, M., Judl, J., Jääskeläinen, T., Kautto, P., Koskela, S., Kuisma, M., 
Lazarevic, D. and Mäenpää, I. (2017). Renewal of forest based manufacturing towards a circular 
bioeconomy. Finnish Enviroment Institute.  

Benbasat, I., Goldstein, D. K. and Mead, M. (1987). The Case Research Strategy in Studies of 

Information Systems, MIS Quarterly, (3), pp. 369-386. 

Borg, W. and Gall, M. (1989) The methods and tools of observational research, Longman London 

Darke, P., Shanks, G. and Broadbent, M. (1998). Succesfully completing case study research: combining 
rigour, relevance and pragmatism, Info Systems J, 8 (4), pp. 273-289. 

EC, European Commission (2017) Horizon 2020 Work programme 2016-2020, General Annexes. 
European Commisson. 

Gupta, S., Malhotra, N.K., Czinkota, M. and Foroudi, P. (2016). Marketing innovation: a consequence 
of competitiveness, J. Bus. Res. 69(12), pp. 5671-5681. 

Hale, J. (2011) The 3 basic types of descriptive research methods,  

https://psychcentral.com/blog/the-3-basic-types-of-descriptive-research-methods/  

Hassan, M.K., Villa, A., Kuittinen, S., Jänis, J. and Pappinen, A. (2019) An assessment of side-stream 
generation from Finnish forest industry, Journal of Material Cycles and Waste Management 21(2), pp. 
265-280. 

Hausmann, R., Rodrik, D. (2006). Doomed to Choose: Industrial Policy as Predicament. Discussion 

paper, Harvard University. 

Hurmekoski, E., Jonsson, R., Korhonen, J., Jänis, J., Mäkinen, M., Leskinen, P. and Hetemäki, L. (2018) 
Diversification of the forest industries: role of new wood-based products, Can. J. Res., 48, pages 1417-
1432. 

Hämäläinen, T. (2010). ”Elinkeino- ja innovaatiopolitiikan uudistamistarpeet”, in Rouvinen, P. and 
Ylä-Anttila, P. (Eds.), Kriisin jälkeen, Taloustieto, Helsinki. 

Isenmann, R. and Chernyk, K. (2009) The role of ICT in industrial symbiosis projects - Environmental 
ICT applications for eco-industrial development, Published in EnviroInfo 2009 

Jernström, E., Karvonen, V., Kässi, T., Kraslawski, A. and Hallikas, J. (2017) The main factors affecting 
the entry of SMEs into bio-based industry, Journal of Cleaner Production, 141, pp. 1-10. 

Kallioinen, M., Mänttäri, M. (2019a), EXTRACTED LIGNOCELLULOSIC MATERIAL AS AN ADSORBENT, FI 

127777 B. 

Kallioinen, M., Mänttäri, M. (2019b), EXTRACTED LIGNOCELLULOSIC MATERIAL AND USES THEREOF, 

FI 127778 B. 

Karvonen, V., Jernström, E. and Kraslawski, A. (2015) Types and connections between plant location 
and the long term corporate level value creation and methods for their identification, Int. J. Industrial 
and Systems Engineering, Vol. 19 (3), pp. 277-293. 

https://psychcentral.com/blog/the-3-basic-types-of-descriptive-research-methods/


Kilpeläinen, P., Kitunen, V., Hemming, J., Pranovich, A., Ilvesniemi, H., Willfor, S. (2014) Pressurized 
hot water flow-through extraction of birch sawdust – Effects of sawdust density and sawdust size, 
Nord. Pulp & Pap. Res. J., 29(4), 547-556. 

Kokkonen, K. and Ojanen, V. (2018) From opportunities to action – An integrated model of small actor´ 
engagement in bioenergy business, Journal of Cleaner Production, 182, pp. 496-508.  

Konkol, Y., Vuorikoski, H., Tuomela, J., Holmbom, B. and Bernoulli, J. (2017) Galactoglucomannan-rich 
hemicellulose extract from Norway spruce (Picea abies) exerts beneficial effects on chronic prostatic 
inflammation and lower urinary tract symptoms in vivo, Int. J. Biol. Macromol., 101, pp. 222-229. 

Krogell J., Korotkova E., Eränen K., Pranovich A., Salmi T., Murzin D. and Willför S. (2013) Intensification 
of hemicellulose hot-water extraction from spruce wood in a batch extractor – Effects of wood particle 
size. Bioresource Technology 143: 212–220 

Lee, H. and Geum, Y. (2017) Developing of the scenario-based technology roadmap considering layer 
heterogeneity: an approach using CIA and AHP. Techol. Forecast. Soc. Change. 117: 12-24.  

Lehtoranta, S., Nissinen, A., Mattila, T., Melanen, M. (2011) Industrial symbiosis and the policy 

instruments of sustainable consumption and production, Journal of Cleaner Production, 19(16): 

1865-1875 

Lin, Y. and Tanaka, S. (2006) Ethanol fermentation from biomass resources: current state and 
prospects, Applied Microbiology & Biotechnology 69(1): 627–642. 

Lombardi, D. R. and Laybourn, P., 2012, Redefining Industrial Symbiosis, Journal of Industrial Ecology 

16 (1): 28–37.  

Mikkonen, K.S, Xu, C., Berton-Carabin, C. and Schroën, K., (2016) Spruce galactoglucomannans in 
rapeseed oil- in-water emulsions: Efficient stabilization performance and structural partitioning, Food 
Hydrocolloids, 52, pp. 615-624.  

Montisera Ltd, Fin. Pat., FI20126175, 2015. 

Moore, J.F. (1993) Predators and pray: a new ecology of competition, Harvard Business Review, 71. 
pp. 75-83. 

Nabuurs, G.J., Schelhaas, M.J., Hendriks, K. and Hengeweld, G.M (2014) Can European forests meet 
the demands of the bio-economy in the future? Wood supply alongside environmental services. In 
Forests and Globalization: Challenges and Opportunities for Sustainable Development; Routledge, 
Abingdon, UK, pp. 153-165. 

Näyhä, A., Hetemäki, L. and Stern, T. (2014) New products outlook. In Future of the European forest-
based sector: structural changes towards bioeconomy. Edited by Hetemäki, L. European Forest 
Institute (EFI). pp. 15-32. 

Porter, M. (1998). Clusters and the new economics of competition. Harvard Business Review 76(6): 
77–91.  

Saidur R., Abdelaziz E.A., Demirbas A., Hossain M.S. and S. Mekhilef (2011) A review on biomass as a 
fuel for boilers. Renewable and Sustainable Energy Reviews 15: 2262–2289. 

Sánchez, O.J., and Cardona, C.A. (2008), “Trends in biotechnological production of fuel ethanol from 
different feedstocks”, Bioresource Technology 99(1): 5270-5295. 

Simon, A., Sohal, A. and Brown, A. (1996). Generative and case study research in quality management. 
Part I: Theoretical considerations, International Journal of Quality & Reliability Management, 13 (1), 
pp. 32-42. 



Taylor, R., Nattras, L., Alberts, G., Robson, P., Chudziak, C., Bauen, A., Libelli, I.M., Lotti, G., Prussi, M. 
and Nistri, R. (2015) From the sugar platform to biofuels and biochemicals, Final report for the 
European Commission Directorate – General Energy N° ENER/C2/423-2012/SI2.673791 

Teece, D.J. (2007) Explicating dynamic capabilities: the nature and microfoundations of (sustainable) 
enterprise performance, Strategic management journal, 28, pp. 1319-1350. 

Yin, R.K. (2009). Case Study Research: Design and Methods, 4th Ed., SAGE Publications, California. 

 

 


